Induced molting is a management tool to prepare laying hens for a second re-production period. In commercial layer flocks, aged and unprofitable hens are either molted to obtain heavier, high-quality, marketable eggs [1] or production is continued by pullet replacement, 
which is more expensive [2, 3] . The most important factors influencing the decision to choose one of these options are the economic and hen wellfare aspects of the issue.
During a molt, the reproductive system of hens is rested (regressed and rejuvenated) by inducing weight loss of varying degrees with different molting methods. The recommended weight loss to be achieved ranges from 20% to 30% [4] [5] [6] . In commercial flocks and experimental studies, various molting methods have been applied. To summarize them briefly, the oldest and conventional methods are withdrawal of food with or without water and light restriction for different durations, giving some minerals in excessive (Al, Zn, and so on) or inadequate (Ca, Na, and so on) amounts, feeding supplemented diets with some drugs or hormones [Gonadotropin-releasing hormone (GnRH), melengestrol acetate, thyroxine, and so on] [1, 2, 4, [7] [8] [9] [10] [11] [12] [13] . However, it has been reported that the desired performance values cannot be achieved, the cost is high, and undesirable behaviors (such as cannibalism) develop as a result of the molting methods in which minerals and hormones are used [6, 11, 14] .
Although conventional molting methods (food and water withdrawals) are easy to implement, have relatively low cost, and give satisfactory results (sufficient weight loss, improved egg quality and production in new cycle, and so on), in recent years, they have been heavily criticized because of animal welfare issues. It has also been reported that Salmonella colonization is more common in the classical fasting methods [15, 16] .
In recent years, there have been many studies investigating different molting methods with natural feeds or feed additives without fasting which result in reasonable technical and economic results, and that are easy to apply and take into account the animal welfare. These methods include the use of feed materials such as corn, oats, or vetch in different forms (whole, mashed, pellets, and meal), cotton seed, distillers dried grains, and grape pomace [1, 14, [17] [18] [19] [20] .
Cheap and readily available feed ingredients such as alfalfa [17, [21] [22] [23] [24] [25] [26] and barley [11, [26] [27] [28] have been used in alternative molting methods without leaving animals starved. Alfalfa is a high-quality feedstuff having the potential to solely be used for restriction of the nutrition in molting practices because of its advantages, including having high crude protein (17.5%) and crude fiber (24.1%) and low metabolic energy (1, 200 kcal/kg), as well as its slow passage through the birds digestive system. Barley, which is also used for the same purpose, is a feed ingredient having 11.0% crude protein, 5.50% crude fiber, and 2,640 kcal/kg ME [29] .
Humic substances used in agricultural and livestock production are derived from stabilized organic matter in the soil or humus. They are the chemical compounds formed during decay of plant and animal material in soil, and can contain acids such as humic, fulvic, and ulmic acids, and their salts, and minerals such as Al, Na, K, Fe, Ca, Mg, Mn, P, Cu, and Zn. As well as possessing antimicrobial, antitoxic, antiseptic, and fungicidal characteristics, they can preclude the progress of pathogen microorganisms by assisting in the adjustment of optimum pH in the digestive track. They increase the digestion of foodstuffs and their utilization by constituting chelates with minerals. They are also able to strengthen the immune system. Because of the aforementioned characteristics of humates, they are a natural feed additive that can be used in animal production to enhance productivity and product quality [30, 31] .
The purpose of supplementing the hen diets in this study was that humates are known to improve the feed efficiency, egg production, and interior egg characteristics [32] [33] [34] [35] .
Carnitine or β-hydroxy-γ-trimethylaminobutyrate is a quaternary amine that plays a key role in energy metabolism of cells by contributing β-oxidation through transferring acyl groups from cytoplasm to the mitochondrial matrix. In addition, L-carnitine is responsible for regulating coenzyme A concentrations in cytosol and mitochondria. Carnitine can be biosynthetised endogenously from lysine and methionine, which are limiting amino acids in poultry nutrition. Moreover, the amount of carnitine obtained from endogen synthesis and feedstuffs may be insufficient in some situations such as stress and high performance. Previously, it has been reported that little L-carnitine is found in cereal grains and their by-products [36] . Because cereal grains usually represent the major component of poultry diets, it may be useful to supplement this compound into the diets.
Molting is a complex physiological phenomenon that affects endocrine, reproductive, lymphoid, and immune systems [37] [38] [39] . It appears that there is a lack of research conducted on the effects of dietary L-carnitine on egg production and egg quality of laying hens. Therefore, Lcarnitine was supplemented into the diet in the postmolting period in this study.
In this study, the aim was to investigate the applicability of the non-feed removal method by using alfalfa and barley in molting of white laying hens (Bovans) because of the aforementioned advantages and because it has the potential to be an alternative to the conventional molting (California) method implementing fasting [40] . Moreover, the effects of humate, carnitine, and humate + carnitine supplementation to the diets during the postmolt period along with the different molting methods on production performance, egg quality, and profitability in laying hens were compared.
MATERIALS AND METHODS

Animals and Experimental Design
In this study, 192 Bovans white laying hens from a commercial laying facility, 75 wk old, were used. Hens were divided into 3 groups, each containing 64 hens in 4 replicates (4 × 4 hens in each replicate, 16 hens × 4 replicates = 64 hens). Four hens were housed in a 50 × 40 × 40 cm cage, providing a space of 500 cm 2 /hen. Replicates were equally distributed into upper and lower cage decks to minimize cage level effect. The study was carried out in accordance with protocols approved by the Ethical Committee of Erciyes University (20.03.2007/11) . The molting methods implemented in this study are presented in Table 1 .
After molting, each of the replicates was further divided into 4 subgroups consisting of a control and 3 treatment groups. The control groups received basal diets (commercial layer diet) and the treatment groups received basal diets supplemented with 2 g/kg humate (Farmagulator Dry), 100 mg/kg L-carnitine (Carniking), or 2 g/kg humate + 100 mg/kg L-carnitine. Hens were provided ad libitum access to food and water as well as 16 h of daylight.
The analysis of basal diet used in the study was performed according to the standard procedures of AOAC [41] . The ME of the diet was found by calculation. Ingredients and nutrient composition of layer diets are shown in Table 2 .
Data Collection
Animals were weighed at the beginning of the experiment (d 1), on d 10 and 28, and at the end of the study (d 105), and live BW and BW changes (%) were determined. Feed consumption was recorded bi-weekly, and daily feed consumption (g) of a hen was calculated. The FCR was calculated from total amount of food consumed for 1 kg of egg.
The number of eggs produced was recorded daily, and egg production (%) was determined on hen-day basis. Furthermore, the hen age was recorded when egg production started, reached 50%, and peak production. Egg weight and egg specific gravity were measured for each repli- cate using all eggs produced in a day. Egg specific gravity (g/cm 3 ) was determined monthly by Archimedes' method [42] , and then egg weight (g) was measured after 24 h storage.
Four eggs from each replicate were collected and weighed each month. They were cracked on a glass table at room temperature, and albumen height was measured 10 min later to minimize the differences between the measurements using a micrometer and then Haugh unit was calculated. Egg shell thickness (µm) was determined using the samples taken from 3 parts of the broken eggs after the removal of the shell membranes.
Economic Analysis
Profit was calculated by subtracting the total costs from egg sales income at entry period which is adapted from Roland et al. [43] , and values were presented as hen housed. Mean weight of eggs produced throughout the experimental period was used for calculating egg sales revenue and prices were set according to the obtained egg weights as well as the mean egg prices for the year 2011.
The cost of total food consumption (alfalfa meal, barley, and commercial layer feed) and feed additives (humate and carnitine) per hen during the entire study were taken into account for the calculation of total cost. Total income, total cost, and profit were calculated with the following formulas, excluding cost of animals, labor, electricity, and water because they were assumed to be equal in all groups. 
− Total cost (TRY)
The revenue and expenses rates used in the economic analysis are given in Table 3 .
Statistical Analyses
Statistical analyses were performed using SPSS 13.0 package program [44] . The GLM 45 mg, vitamin C 50,000 mg, choline chloride 125,000 mg, canthaxanthin 1,500 mg, apocarotenoic acid ester 500 mg, manganese 80,000 mg, iron 40,000 mg, zinc 60,000 mg, copper 5,000 mg, iodine 400 mg, cobalt 100 mg, selenium 150, antioxidant 10,000 mg. was used. When differences in treatment means were detected, Duncan's multiple range test was applied. Data were expressed as mean ± SEM. Differences between the groups were considered significant at P < 0.05.
RESULTS AND DISCUSSION
In recent years, in the light of developments regarding the animal welfare and food safety, there have been many important attempts, and studies have been conducted, to develop alternative molting methods without fasting of laying hens [21, 22, 24, 25, 45] . In some countries, food companies and unions have even offered to ban the marketing of the eggs obtained from the flocks molted with feed withdrawal [7] .
In this study, in the scope of the availability of alternative molting methods without fasting of laying hens, the use of alfalfa and barley in molting practice, as well as the effect of humate, carnitine and humate + carnitine on performance, egg quality, and profitability following the molting procedure were investigated.
The method with the lowest BW loss for the first 10 d was determined to be the B+F method (P < 0.001; Table 4 ). Based on these results, live weight losses were 28.84%; 29.03% and 21.08% with the molting methods of feed withdrawal + barley + feed (FW+B+F), alfalfa meal + feed (A+F), and barley + feed (B+F), respectively, during the molting period. These values were within the range of 20% to 30% weight loss [4] [5] [6] , and were consistent with the results of previous studies [21, 22, 45] . The high level of weight loss, especially, in molting with alfalfa may result from feeling of satiety resulting from slow passage rate [46] and low palatability of alfalfa [47] .
Obtaining the desired weight loss in the A+F and B+F groups has been recognized as a success in the present study, because the amount of BW loss will affect production in the next cycle. In fact, in some studies [25, 28] sufficient BW loss could not be achieved during molting, therefore some of the postmolt performance values in those studies remained below expectations, and also below the values obtained in the presented study. Differences (P < 0.05) were found between the applied molting methods in terms of onset of The values within the same column with different superscripts differ significantly. egg production. The earliest egg production was observed in the B+F method which is followed by the A+F and FW+B+F groups. Hens molted with A+F and B+F methods started the egg production and reached to 50% yield earlier ( Table  5 ). The age of onset of egg production in the A+F method was similar to that of Donalson et al.
[22] and Landers et al. [24] who used alfalfa in molting of hens, and the age reaching 50% yield was consistent with the results of Elounn [23] . Unlike the 2 previously mentioned performance parameters, the earliest peak egg production was achieved with the FW+B+F method, whereas hens reached peak egg production later with A+F and B+F methods (P < 0.05). The highest average egg production was detected with the FW+B+F method, which was followed by A+F and B+F methods (P < 0.05; Table 5 ). Determination of lower egg production level in B+F and A+F method groups compared with feed withdrawal group was similar to Donalson et al. [22] . On the other hand, Willis et al. [48] reported that molting with alfalfa hay was compatible with molting by fasting for the egg yield. In contrast, Landers et al. [24] found a significant increase in egg production in hens molted using alfalfa. The average egg production of 70.67% that is obtained in the present study was similar to the production level recorded by Donalson et al. [22] , and was higher than the level achieved by Petek and Alpay [28] .
The A+F method resulted in a significantly lower daily food consumption (P < 0.05) compared with the other molting methods implemented in this study, however, no difference was observed between the methods concerning the feed efficiency (Table 5) . Consistent with the results of the present study, no significant effect of molting with barley compared with fasting on FCR has been reported by others [11, 27] . These results may suggest that the A+F and B+F methods have potential to be alternatives to FW+B+F method.
After molting, egg weights are generally higher than the last period of the first cycle [49] . The heavier eggs are sold at higher rates, thus affecting the profitability of the flock, which is a profit gained from molting.
In the postmolt period, heavier eggs were obtained with B+F and A+F methods (P < 0.05; Table 6 ). Kim et al. [50] and Landers et al. [24] have reported that molting by alfalfa meal had no effect on egg weight compared with molting by fasting, as did Aygün and Yetisir [27] , who found no difference between molting by barley and alfalfa meal and molting by feed withdrawal. On the other hand, Donalson et al. [22] reported that egg weight of hens molted by alfalfa was lower than that of hens molted by feed withdrawal. The eggs of hens molted by A+F and B+F methods were significantly heavier than the eggs of hens molted by feed withdrawal, which confirms the results of the studies using alfalfa meal [25] , and alfalfa pellets [24] for molting, whereas the lack of the difference between A+F and B+F methods for egg weight supports the results of Petek and Alpay [28] and Petek et al. [26] , who used alfalfa and barley to induce molting.
The heaviest eggs were obtained from the hens fed humate-supplemented diets (P < 0.05), and a significant interaction was detected between feed additives and the implemented molting methods (P < 0.05). Although the supplementation of humate into the B+F method did not affect the egg weight, the egg weight in A+F and FW+B+F methods was significantly increased (Table 6 ). In this study, observation of an increase in egg weight by humate supplementation and improvement in Haugh unit by carnitine supplementation supports the results of previous studies indicating humate and carnitine supplementation to the diets improves egg weight [34, 51] and Haugh unit [52] [53] [54] [55] , respectively. The positive effect of carnitine on albumen quality may be due to stimulation of metabolic activities of magnum or shell gland during formation of the egg. The albumen quality mainly depends on the quantity of ovomucin, especially β-ovomucin released from magnum [52, 55] . It has been assumed that carnitine increases either the synthesis or the release of β-ovomucin which is responsible for the gelatinization of albumen in magnum with the increasing effects on energy expenditure.
Haugh unit was not affected by any of the molting methods (Table 6 ). When the effects of feed additives were evaluated generally, Haugh unit was increased (P < 0.05), especially, by the carnitine supplementation compared with the control group (Table 6) . Molting had no effect [26] . Egg specific gravity was found to be higher (P < 0.01) in the groups implementing A+F and B+F methods. Considering the effect of feed additives, the highest specific gravity values were obtained in humate + carnitine supplemented diets fed to groups in both A+F and B+F methods (P < 0.05). Donalson et al. [22] found that molting with 100% alfalfa meal and 70% alfalfa meal + feed reduced the egg specific gravity. However, in the present study, egg specific gravity was increased in A+F and B+F methods. On the other hand, similarly to Petek et al. [26] , no difference was determined between A+F and B+F methods.
There were no significant differences between the applied methods in terms of the egg shell thickness (P > 0.05). Supplementation of humate + carnitine increased the egg shell thickness in FW+B+F and B+F (P < 0.05) methods. There was also no difference between molting methods for egg shell thickness, as in the reported studies [26, 50] . Supplementation of carnitine to diet increased egg shell thickness compared with the no additive group, similarly to previous studies [56, 57] .
Although in several studies supplementation of diets with carnitine [52] [53] [54] [55] , and carnitine + humate [55] had no effects on egg shell thickness, carnitine and carnitine + humate supplementation increased egg shell thickness in the present study.
According to the results of economic analysis, in terms of expenditure, not only were the methods applied found to differ significantly (P < 0.05), but an interaction was also determined between method and additives (P < 0.05). According to the calculation of profitability, neither method nor the additive revealed a contribution to the profitability (P > 0.05; Table 7 ).
Egg producers have limited options to change the amount of production within a short time period, with one of these options being the molting of hens. In commercial laying industry, the price of eggs, and the cost of feed compared with the cost of flock replacement with pullets are the most important determinants to make the decision to force the hens to molt [58] . There are also other reasons for molting, such as seasonal demand, egg size demand, and time to return to production. In general, molting is applied when the egg prices are low and feed prices are high. A small change in egg production leads to a major change in egg prices because egg demand is inelastic [59] . Additional production cycles are achieved by molting programs, which allows for the spread of the fixed cost over a long time period. Profitability calculations taking into account the contribution of some performance measures (egg production, feed consumption, egg quality, and egg weights) have shown that the alternative molting methods (A+F and B+F) do not decrease the profit. Supplementation of postmolt diets with the feed additives (humate, carnitine, and carnitine + humate) had no positive effect on profitability.
The findings obtained either during the molting by alfalfa or postmolt period in which the hens received humate, carnitine, and humate + carnitine may vary from the findings of literature depending on many factors, such as the age and strain of hens used, egg production period (first or second cycles), method and duration of molting, composition of the diets, type and quantity of the additives, and management conditions (cage density, temperature, light, and so on).
CONCLUSIONS AND APPLICATIONS
1. Targeted live weight losses (20% to 30%) were successfully achieved in laying hens molted with alfalfa meal and barley without fasting in 10 d. 2. The feed efficiency, daily feed intake, egg weight, egg quality, egg specific gravity, shell thickness, and Haugh unit of molted hens by alfalfa meal and barley were comparable with the feed withdrawal method. 3. Days to first egg produced and 50% egg production were earlier in both alfalfa meal and barley molted methods than the feed withdrawal method. 
